Transfer ribonudeic acid is well fractionated on columns of arginine-agarose, whose properties appear in general to be similar to those of DEAE-Sephadex. However, the amino acid acceptor species are separated into sharper peaks and in several instances, notably for methionine, glycine, serine, leucine and aspartate accepting tRNAs from E6Cherichia coli, isoaccepting species are well resolved. In the case of methionine accepting tRNA from E. coli the t H N A^ species is eluted before the tRNA^e t species and since it is also eluted prior to the bulk of the tRNA it is obtained in a high degree of purity. By comparing the properties of columns of arginineagarose and its methyl ester in which the carboxylate anion Is blocked, it is seen that the carboxylate ion plays a role in the fractionation of the tRNA species.
is achieved also in this one chromatographic step. It will be seen that arginine-Sepharose is able to separate isoaccepting tHNA species. For example aspartate and glycine accepting tRNAs are separated into two species, whereas serine, leucine and methionine accepting tRNAs are separated into three species. In the latter three cases, the three isoaccepting species are well separated into individual peaks. Other species of tBNA also show the presence of more than one species. Besides its major peak alanine accepting tRNA is found in two minor slower eluting peaks, glutamine accepting tRNA has a pronounced slower moving shoulder, and phenylalanine accepting tBNA has a shoulder preceding the major peak and a slower moving minor peak. An examination of the ability of arginine'Sepharose to fractionate a mammalian tRNA (rat liver) and a plant tBNA (wheat germ) was also carried out. Crude rat liver tRNA (3840 E26O units) in buffer A was applied to a column of arginine'Sepharose (80 x 115cm) equilibrated in buffer A containing O.35M NaCl. The sample was eluted with a linear gradient of 0.35 to O.75M NaCl in buffer A (total volume 1.6 1). 4ml fractions were collected at a flow rate of 22ml/hr, and the Eggg of every third fraction was measured. The elution profile seen in Fig. 3 shows that the bulk of the tRNA is eluted Fractionation of wheat germ tRNA on arginine-agarose.
of the total methionine acceptor activity applied to the column. Attempts to determine if the methionine acceptor tRNA in the peaks could be formylated were unsuccessful. Earlier it had been found that methionyl tRNA in the crude wheat germ tRNA could not be formylated using an E.coli enzyme preparation.
This negative result was not due to inactive enzyme since the methionyl-tRNA of E. coli and rat liver were formylated to 6l# and 35# respectively. An enzyme preparation from a blue~green alga, Anacystis nidulans was found to formylate E. coli methionyl-tRNA to and wheat germ methionyl-tRNA to the n much lower level of 8.3#> Previously Ecarot and Cedergren had observed 13# formylation of wheat germ Met-tRNA * with an enzyme preparation from A. nidulans.
In order to determine the role, if any, of the carboxyl groups of the arginine-Sepharose, experiments were designed in which chromatography was carried out on a column of arginine methyl ester-Sepharose in which the carboxyl groups are protected. We were unable to prepare arginine methyl ester linked to sepharose via epichlorohydrin since the ester group is labile to the basic reaction conditions. Therefore arginine methyl ester was linked to Sepharose by a different method. Here 6-aminocaproic acid was linked to g cyanogen bromide activated sepharose and to this derivative arginine methyl ester was coupled using a water soluble carbodiimide. For these experiments the properties of the columns were examined by fractionation of crude E. coli Fig.5) -Three distinct peaks of radio-activity are seen, of which one appears before the bulk of the E 2 go absorbing material is eluted.
DISCUSSION
Arginine-agarose has free guanidino groups (pKa = 12.5) and carboxyl groups (pKa 2.8). Within the pH range usually used for transfer RNA fractionation (pH 5~8) both these groups will be ionised and therefore available for ion-exchange. For the fractionation of nucleic acids the major contributory factor would be expected to be the anion exchange between the anion forming the salt with the guanidino group and the phosphate of the nucleic acid, similar to the effect obtained with the diethylaminoethyl groups linked to either cellulose or Sephadex. However, a possible secondary contribution by the carboxylate anion needed to be examined. Transfer HNA is retained by columns of arginine-agarose at low salt concentrations and can be removed quantitatively by elution with sodium chloride at a concentration above 0.4M.
When crude E. coli tHNA is fractionated on arginine-agarose f the order of elution of the species of tHNA is somewhat similar to that obtained using DEAE-Sephadex .
However, the absorption pattern is spread over a wider salt concentration gradient, and the size of column and gradient volume is considerably less. Also packing of the columns at the higher salt concentrations does not occur, and therefore there are no flow-rate problems.
Fractionation of E. coli tRNA on arginine-agarose differs from that on DEAESephadex however, in that several of the specific amino acid accepting tRNAs are separated into a number of different isoaccepting species, for example those of glycine, aspartate and most notably methionine. Of greatest interest in the latter case is the fact that the tHNA species is eluted Met " before a major and minor species of tRNA . . Details of this separation have been reported elsewhere . In this previous report we noted that the elution of the tRNA species before t R N A , was in contrast to results m I obtained with either BD~cellulose or RPC 5 where the reverse is the case, and with DEAE Sephadex where these isoaccepting species are not separated.
One major difference between arginine-agarose and the other anionexchangers to which it has been compared is its possession of a carboxylate anion. In order to determine whether this carboxylate anion contributes to some of the unique fractionation properties of arginine-agarose a comparison was made of the fractionation of C"
> C]-methionine charged crude tRNA on arginine-agarose and on a derivative in which the carboxylate ion was blocked.
Arginine-amide was not available for linkage to Sepharoee in a manner similar to that used for arginine, and for reasons already outlined in the Besides arginiae-agarose Porath described other "dipolar-ion exchanges" for the separation of plasma proteins, which included lysine-agarose. This material has also been examined as a media for the fractionation of tHNA. However, it was found that the tHNA was eluted as a single peak at a salt concentration of about 0.1M. It would appear therefore that the tHNA is only loosely held by this material. Lysine-sepharose because it binds nucleic acids much less strongly than other anion exchanges and arginineagarose has a promising use for the separation of different size classes of RNA (Jones and Jay, unpublished results).
